A total of 1,395 Haemaphysalis longicornis ticks collected from Jeju Island of Korea were examined by 16S rRNA gene-based nested PCR for the presence of infection with Anaplasma and Ehrlichia species. Template DNAs to detect the tick-borne pathogens were prepared from a total 506 tick pools. Eight genera of Anaplasma and six Ehrlichia by 16S rRNA gene PCR and sequencing analysis were identified. A. phagocytophilum was the most prevalent (27 [1.9%]) by nested PCR, followed by A. bovis (5 [0.4%]), E. chaffeensis (4 [0.2%]), and A. centrale (1 [0.1%]). In the phylogenetic analysis based on 16S rRNA sequences, eight genera of Anaplasma group (> 99.4% homology) and six Ehrlichia group (> 99.5% homology) were close to deposited A. marginale strains (AF309867, AF414874, and FJ226454) and Ehrlichia sp. (DQ324547), respectively. Three Anaplasma species groups A. phagocytophilum (group A), A. bovis (group B), and A. centrale (group C) and one Ehrlichia species E. chaffeensis (group D) were determined by comparing with Anaplasma and Ehrlichia related sequences. First, twenty-eight A. phagocytophilum clones belonging to group A were divided into 7 genotypes. The sequence similarity among genotypes A1 to A4 was very high (> 99.6%). Genotype B2 was close to A. bovis from Korea (99.7%). Genotype D1 was close to known E. chaffeensis strains (M73222, AF147752, and AY350424) and their similarity value was 99.7%. In conclusion, the genera of Anaplasma/Ehrlichia, A. phagocytophilum, and E. chaffeensis identified in predominant H. longicornis ticks were ubiquitous throughout the Jeju Island. The various native groups have been found through sequence identities and phylogenetic analysis.
INTRODUCTION
Anaplasmosis and ehrlichiosis which cause tick-borne rickettsial diseases in both humans and domestic animals were distributed in the world. Anaplasma genospecies group (A. phagocytophilum, A. bovis, A. platys, A. marginale, and A. centrale) and Ehrlichia genospecies group (E. chaffeensis, E. ewingii, and E. canis) are well known to be pathogenic to human, domestic, and pet animals with acute febrile diseases (1~5). Particularly, A. phagocytophilum and E. chaffeensis, etiologic agents of human granulocytic anaplasmosis (HGA) and human monocytic ehrlichiosis (HME), have been reported mainly from USA and Europe (6, 7) . In chaffeensis, and Rickettsia sp. in H. longicornis ticks for the most part (10) . However, study for bacterial etiologic agents from Jeju Island which is at a distance from Korean inland areas is rare.
Recently, diagnostic methods for detecting of rickettsial pathogens have rapidly changed. Molecular methods that are based on 16S rRNA gene sequence and the nested PCR technique utilizing first PCR product used as template have been reported (11, 15, 16) . However, PCR amplicons by Anaplasma/Ehrlichia associated 16S rRNA gene PCR was not easily amplified with DNAs isolated from ticks and animal.
The aim of this study was to investigate genetic identification and phylogenetic analysis of tick-borne pathogens in H. longicornis ticks collected from Jeju Island of Korea. Table 1 ). The tick identification was classified into the various developmental stages according to the standard taxonomic method described by Yamaguti et al (17) .
MATERIALS AND METHODS

Survey area and sample collection
DNA preparation and identification of tick DNA
After collection, the ticks were placed in bottles containing were used as negative controls (Fig. 2) .
Detection of Anaplasma and Ehrlichia sp. by PCR
To detect both the 16S rRNA of Anaplasma and Ehrlichia species, PCR was conducted using primer sets AE1-F (5'-AAGCTTAACACATGCAAGTCGAA-3') and AE1-R (5'-AGTCACTGA CCCAACCTTAAATG-3') in this study.
PCR reaction mixture was performed using conditions mentioned above. Briefly, the PCR amplification was performed with an initial denaturation at 94℃ for 5 min, coli containing recombinant plasmids were extracted using the SV Minipreps DNA purification system (Promega) and identified by PCR amplification. The sequence analysis of the purified recombinant plasmid DNA was performed with T7 and SP6 promoter primer set using an ABI PRISM 3700 DNA analyzer (Applied Biosystems, Foster City, CA, USA).
The sequence data were analyzed using Chromas software (Ver 2.33, http://www.technelysium.com.au/chromas.html) and were aligned using CLUSTAL X (Ver 2.0, http:// www.clustal.org/). Aligned sequences were examined with a similarity matrix. To access the relationships between individual pathogens, the phylogenetic tree was constructed by the UPGMA (unweighted pair group method with arithmetic mean) method with 1,000 bootstrap resamplings using MEGA software (http://www.megasoftware.net/).
Nucleotide sequence accession numbers
The GenBank accession numbers of 16S rRNA gene sequences and specific genospecies sequences related to Anaplasma/Ehrlichia pathogens for sequence comparisons (Fig. 3~5) . In the present study, the 22 unique DNA sequences of Anaplasma and Ehrlichia identified from H. longicornis ticks were deposited in GenBank under the accession numbers (GU046563~GU046565, GU064895~GU064903, and GU075695~GU075704) (Fig. 3~5) . 
RESULTS
Identification and prevalence of the tick
Phylogenetic analysis of Anaplasma and Ehrlichia
species
To identify the Anaplasma and Ehrlichia species detected in ticks, nucleotide sequences of fourteen PCR amplified products were analyzed and compared with the fragment of 
16S rRNA sequences and its internal sequences of various
Anaplasma and Ehrlichia species obtained from the GenBank database. Through phylogenetic analysis, the 16S rRNA gene sequences were divided into two high homolo- (Fig. 3) . The sequence similarity among 8
Anaplasma group ranged from 99.4% to 99.7% and was very similar to A. marginale (FJ226454, AF414874, and AF-309867), which ranged from 93.9% to 94.3. The similarity level among 6 Ehrlichia group ranged from 99.5% to 99.9% and was homologous to Ehrlichia sp. from China (DQ-324547) ranged from 98.8% to 99.0% (Fig. 3) . bovis was 99.4% and these were highly similar with 99.1% and 99.7% similarity to known A. bovis sequences from Japan (AB196475) and from Korea (AF470698), respectively. Genotype C (HLAC222) belonging to one A. centrale showed 99.2% homology to known A. centrale (AB211164, USA) deposited in GenBank (Fig. 4) . The phylogenetic tree among E. chaffeensis clones is shown in Fig. 5 . Two genotypes D1 and D2 were identified as partial sequence of E. chaffeensis 16S rRNA gene by sequence comparison. D1 and D2 showed 99.7% and 99.2% homology to known E. chaffeensis sequences (AY350424, M73222, and AF-147752) from GenBank, respectively (Fig. 5) . Phylogenetic tree based on 390 bp sequence of E. chaffeensis. The phylogenetic tree was constructed based on the alignment of Ehrlichia gene obtained from species-specific nested PCR assay, by CLUSTAL W and followed by the UPGMA method with 1,000 bootstrap resamplings using MEGA software.
DISCUSSION
Until now, the most prevalent tick species associated to tick-borne pathogens are Haemaphysalis spp. followed by Ixodes spp. throughout Korea. Especially, H. longicornis tick among Haemaphysalis spp. is known to be the most commonly collected species in previous reports (10, 13) . chaffeensis, E. ewingii, and E. canis) (13, 18, 19 (19, 20) . However, E. chaffeensis infection has been rarely reported in human, pet animal and other tick species until recently (4, 15) . As a result, in contrast to the most predominant A. phagocytophilum genotypes, E. chaffeensis pathogens identified from Jeju Island were also not common consistent with previous studies mentioned above.
A. bovis infection is usually associated with some symptoms including fever, lymphadenopathy, depression, and loss of conditioning from the ruminants such as cattle (21) . In this study five A. bovis were identified by the nested PCR and sequencing analysis for detection of A.
phagocytophilum from 506 tick pools. In Korea, one A. 
